Spatial localization of touch is critically dependent upon coordinate transformation between different reference frames, which must ultimately allow for alignment between somatotopic and external representations of space. Although prior work has shown an important role for cues such as body posture in influencing the spatial localization of touch, the relative contributions of the different sensory systems to this process are unknown. In the current study, we had participants perform a tactile temporal order judgment (TOJ) under different body postures and conditions of sensory deprivation. Specifically, participants performed non-speeded judgments about the order of two tactile stimuli presented in rapid succession on their ankles during conditions in which their legs were either uncrossed or crossed (and thus bringing somatotopic and external reference frames into conflict). These judgments were made in the absence of 1) visual, 2) auditory, or 3) combined audio-visual spatial information by blindfolding and/ or placing participants in an anechoic chamber. As expected, results revealed that tactile temporal acuity was poorer under crossed than uncrossed leg postures. Intriguingly, results also revealed that auditory and audio-visual deprivation exacerbated the difference in tactile temporal acuity between uncrossed to crossed leg postures, an effect not seen for visual-only deprivation. Furthermore, the effects under combined audio-visual deprivation were greater than those seen for auditory deprivation. Collectively, these results indicate that mechanisms governing the alignment between somatotopic and external reference frames extend beyond those imposed by body posture to include spatial features conveyed by the auditory and visual modalities -with a heavier weighting of auditory than visual spatial information. Thus, sensory modalities conveying exteroceptive spatial information contribute to judgments regarding the localization of touch.
Tactile localization Auditory Visual Deprivation Space TOJ a b s t r a c t Spatial localization of touch is critically dependent upon coordinate transformation between different reference frames, which must ultimately allow for alignment between somatotopic and external representations of space. Although prior work has shown an important role for cues such as body posture in influencing the spatial localization of touch, the relative contributions of the different sensory systems to this process are unknown. In the current study, we had participants perform a tactile temporal order judgment (TOJ) under different body postures and conditions of sensory deprivation. Specifically, participants performed non-speeded judgments about the order of two tactile stimuli presented in rapid succession on their ankles during conditions in which their legs were either uncrossed or crossed (and thus bringing somatotopic and external reference frames into conflict). These judgments were made in the absence of 1) visual, 2) auditory, or 3) combined audio-visual spatial information by blindfolding and/ or placing participants in an anechoic chamber. As expected, results revealed that tactile temporal acuity was poorer under crossed than uncrossed leg postures. Intriguingly, results also revealed that auditory and audio-visual deprivation exacerbated the difference in tactile temporal acuity between uncrossed to crossed leg postures, an effect not seen for visual-only deprivation. Furthermore, the effects under combined audio-visual deprivation were greater than those seen for auditory deprivation. Collectively, these results indicate that mechanisms governing the alignment between somatotopic and external reference frames extend beyond those imposed by body posture to include spatial features conveyed by the auditory and visual modalities -with a heavier weighting of auditory than visual spatial information. Thus, sensory modalities conveying exteroceptive spatial information contribute to judgments regarding the localization of touch.
& 2016 Elsevier Ltd. All rights reserved.
Introduction
The multisensory nature of our external world poses a number of challenges for the central nervous system in decoding the incoming information, including the fact that this information is initially encoded in a variety of reference frames. Visual information is first encoded in a frame of reference tied to the retina (i.e., retinotopic), auditory information in a frame based on the position of the head (i.e., craniotopic), and somatosensory information in a somatotopic reference frame. How these coordinate frameworks interact in order to solve the problem of accurately locating (and acting upon) a stimulus in space is a question of intensive inquiry.
The example of tactile localization, in particular while using a tactile temporal order (TOJ) task to stimuli delivered on the hands, has received much attention under this framework. The observation that participants' performance in establishing the order with which tactile stimulation is administered -a task seemingly achievable without taking body posture into account -is heavily influenced by proprioceptive information (Yamamoto & Kitazawa 2001a; Shore Spry and Spence, 2002) has resulted in a number of interpretations regarding the solution to the reference frame problem.
Kitazawa and colleagues (Yamamoto and Kitazawa, 2001a; Kitazawa, 2002; Kitazawa et al., 2008) suggest that tactile stimulation is processed in space with the assumption of a 'standard' (i.e., aligned) posture and then projected back onto skin location taking into account body posture. An interesting line of evidence for this 
